Soret-excited Raman spectroscopy of the spinach cytochrome b6f complex. Structures of the b- and c-type hemes, chlorophyll a, and beta-carotene.
Soret-excited resonance Raman (RR) spectra of the spinach cytochrome b6f complex (cyt b6f) are reported for the oxidized, native, ascorbate-reduced, and dithionite-reduced forms. Using excitations at 441.6, 413.1, and 406.7 nm, RR contributions of chlorophyll a, beta-carotene, the c-type heme of cytochrome f, and the b-type hemes of cytochrome b6 of the b6f complex were identified and the data compared to those previously obtained for the Rhodospirillum rubrum bc1 complex [Le Moigne, C., Schoepp, B., Othman, S., Verméglio, A., and Desbois, A. (1999) Biochemistry 38, 1066-1076]. RR bands arising from the b(6)f-associated chlorophyll a and beta-carotene pigments were found to be particularly intense in the spectra excited at 441.6 nm. The frequencies of the phorbin skeleton of chlorophyll a at 1606, 1552, and 1525 cm(-1) are typical of a Mg atom with a single axial ligand. Strong RR bands corresponding to stretching or deformation modes of beta-carotene were detected at 1137, 1157, 1191, 1216, and 1531 cm(-1) in the different forms of cyt b6f. This set of frequencies is assigned to an all-trans configuration of the polyene chain. The redox titrations of the b(6)f complex allow the characterization of RR bands of the three hemes. The nu10, nu2, nu3, and nu8 modes of reduced cyt f are detected at 1619, 1591, 1492, and 356 cm(-1), respectively. From this set of frequencies, one can conclude that the particular histidine/amine heme coordination found in the truncated soluble domain of cyt f is a specific feature of the entire cyt f included in the b6f complex. The frequencies of the nu2, nu8, and nu10 marker modes are consistent with different conformations for the two b-type hemes of cyt b6f. One of these hemes is strongly distorted (nu2, nu8, and nu10 at 1581, 351, and 1610 cm(-1), respectively), while the other one is planar (1586, 345, and 1618 cm(-1), respectively). Largely different structures for the b-type hemes appear to be a common property for the bc1/b6f complexes.